As a consequence of alternative splicing, a gene's exons will have different frequencies of inclusion into mature mRNA and different patterns of expression. These differences affect their patterns of evolutionary divergence. Using the recently reannotated genome of Drosophila melanogaster and the genome sequences of four closely related species of the melanogaster subgroup, we investigated the effect of alternative splicing, inclusion level (defined as the number of transcripts an exon is found in), and expression pattern on exon evolution across divergence times ranging from 1 to 12.5 Ma. Genes undergoing alternative splicing have a broader pattern of expression associated with a lower divergence rate in comparison with genes with a single annotated protein isoform. Within genes undergoing alternative splicing, we report a significant effect of inclusion level on exon evolution, as alternatively spliced exons are less conserved than constitutively spliced exons. More generally, there are significant negative correlations between inclusion level and exon evolutionary rates that can be associated with relaxation of selection. A significant effect of expression pattern on evolution rates is also observed. Overall, we found that similar selective factors such as the expression level and the pattern of expression are affecting both gene and exon evolution.
Introduction
Alternative splicing is the process by which different protein isoforms of the same gene are produced through the differential inclusion of exons. It is seen as an efficient way of increasing protein diversity without increasing the number of genes in the genome (Black 2003; Ast 2004; Blencowe 2006) . Such a process is common to many eukaryotic lineages though the number of genes undergoing alternative splicing varies widely between species (Kim et al. 2007 ). Alternatively spliced exons (ASEs) are thought to arise through exon shuffling, exon duplication, exonization of intronic sequences, and derivation from constitutively spliced exons (CSEs; see Kim et al. 2008) . Although many of the new exon inclusion-exclusion events generate premature termination codons leading to nonfunctional protein isoforms (Blencowe 2006) , most of the alternatively spliced exons introduce functional changes by modifying the cellular localization and/or the functional domains present in the proteins (Kriventseva et al. 2003; Birzele et al. 2008) . From an evolutionary standpoint, both the introduction of premature termination codons as well as different functions or sites of expression between alternatively spliced transcripts of the same gene should be expected to affect sequence evolution. Due to alternative splicing, some exons will always be included in the mature mRNAs (constitutively spliced exons), whereas other exons may be spliced out of the mRNAs (alternatively spliced exons). Differential frequency of exon inclusion in the mature mRNA of a gene may be expected to promote changes in the function or expression of a gene via the accumulation of mutations in alternatively spliced exons due to their relatively lower exposure to selection (Modrek and Lee 2003; Xing and Lee 2006a; Kim et al. 2008) . Furthermore, splicing regulatory elements (exonic splicing enhancers and silencers) are under strong selection against synonymous substitutions that may lead to incorrect splicing (Pagani et al. 2005; Xing and Lee 2005b; Parmley et al. 2006; Warnecke and Hurst 2007) . Alternativesplicingis therefore expected to affect not only the sequence composition but also the rate of evolution of exons depending on their splicing patterns (i.e., exons found in genes with a single protein isoform, constitutively spliced exons, spliced exons undergoing exon skipping, or exons with alternative 5# and/or 3# splice sites), content of splicing regulatory elements, and their inclusion level in the mature mRNA of a gene.
Analyses of alternative splicing and its impact on exon evolution have mainly been conducted by comparisons between human and mouse genes, whose lineages diverged 65-75 Ma. They have shown faster evolution of alternatively spliced exons in comparison with constitutively spliced exons (Modrek and Lee 2003; Xing and Lee 2005b; Chen, Wang, et al. 2006; Ermakova et al. 2006) . Although this question has seldom been addressed in nonmammalian species (Iida and Akashi 2000; Malko et al. 2006; Irimia et al. 2008) , the study of splicing in Drosophila melanogaster has also proven to be fruitful because of better identification of alternatively spliced transcripts through gene prediction, cDNA/expressed sequence tag (EST) data, protein alignments, and most importantly via careful manual curation. For example, the only reported case of a functional protein undergoing trans-splicing (the production of a single mature mRNA through the combination of independent pre-mRNAs) in eukaryotes has been identified in this model organism (Labrador et al. 2001) . Furthermore, alternatively spliced transcripts of the same gene can have different patterns of sex-biased expression (McIntyre et al. 2006 ) and roles in developmental pathways (e.g., sex determination is controlled by different isoforms of key transcription factors; Black 2003). A previous study analyzing exon conservation according to their splicing patterns across three Diptera species (D. melanogaster, Drosophila pseudoobscura, and Anopheles gambiae) reported a greater conservation of constitutively spliced exons relative to alternatively spliced exons (Malko et al. 2006 ). Iida and Akashi (2000) showed that for 33 genes in D. melanogaster, a different codon usage bias exists between constitutively spliced and alternatively spliced exons. However, both studies suffer either from the paucity of available sequences at the time of analysis (Iida and Akashi 2000) or from the use of distantly related species where synonymous substitutions are saturated (25-300 Ma of divergence; Malko et al. 2006) .
The D. melanogaster genome has recently been reannotated (Stark et al. 2007) , and the complete genome sequences of five species from the melanogaster subgroup, which diverged from 1 to 12.5 Ma have been released (Drosophila 12 genomes consortium 2007). This new material allows us to overcome the limitations encountered by Iida and Akashi (2000) and Malko et al. (2006) . We aimed to analyze at a genomewide scale the impact of splicing pattern and inclusion level in mature mRNA on both exonic sequence composition in D. melanogaster and sequence divergence among species of the melanogaster subgroup. Using the wealth of data available in D. melanogaster, we also tested the effect of different factors such as the nature and breadth of developmental stages and/or tissues of expression on exon evolution. The present work is the first analysis conducted in closely related species comparing evolutionary rates of exons depending on their splicing pattern and inclusion level. Our analyses among Drosophila species confirm results previously observed in mammals that there is a significant difference in expression specificity between genes depending on the number of protein isoforms they encode and a significant negative relationship between inclusion levels and evolutionary rates. We report for the first time that within a gene, the same evolutionary pattern is also observed and that an exon's evolution is also affected by the developmental stage and/or tissue of expression of the alternatively spliced transcripts within which they are included. More generally, from our observations, it appears that factors causing different genes to diverge at different rates and patterns, also cause exons within a gene to diverge at different rates and patterns.
Materials and Methods
Coding exonic sequences from D. melanogaster were retrieved from FlyBase (release 5.5, www.flybase.org). Exons are classified according to their splicing pattern either as alternatively spliced exons (ASEs) if not present in all the transcripts of a gene or as constitutively spliced exons (CSEs). ASEs are further subdivided into different categories depending upon their splicing patterns: exons prone to exon skipping during mRNA maturation and ASEs that show truncation or extension between alternatively spliced transcripts via the use of alternative 5# and/or 3# splice sites, therefore classified as ''complex'' (Ast 2004; Blencowe 2006) . ASEs undergoing exon skipping were also classified as ''simple'' if found in a single alternatively spliced transcript or as ''multiple'' if found in more than one alternatively spliced transcripts. In order to also assess in more detail the effect of inclusion level, the number of transcripts in which an exon is found was retrieved from FlyBase.
We limited the analysis to species from the melanogaster subgroup for which the rate of synonymous substitution per synonymous site is unlikely to be saturated (Larracuente et al. 2008) . Using genomes available in FlyBase, best reciprocal hits for each D. melanogaster exon in Drosophila simulans (release 1.0), Drosophila sechellia (release 1.0), Drosophila yakuba (release 1.0), and Drosophila erecta (release 1.0) were collected using BlastN version 2.2.17. We used coding exons with best reciprocal hits in all species and covering at least 80% of the D. melanogaster query. Exons without frameshifts or early stop codons were aligned according to the protein alignment using Dialign 2.2 (Morgenstern 1999) and RevTrans 1.5 (Wernersson and Pedersen 2003) . The rates of nonsynonymous substitutions per nonsynonymous site (d N ) and synonymous substitutions per synonymous site (d S ) as well as the d N /d S ratio were computed using CODEML from PAML 3.15 (Yang 1997 ) under model 0.
Exonic sequences were trimmed in order to contain only full codons and without the first and last codons that are known to be part of the splice site consensus (Warnecke and Hurst 2007) . The G þ C content at the third position (GC3) was computed. Using codonW 1.4.4 (Peden J, http:// codonW.sourceforge.net/), we also computed the codon usage bias using the Codon Adaptation Index (CAI), which assess the effect of selection linked to the expression level of a gene on synonymous codon usage (Sharp and Li 1987) .
Tissues and developmental stages of expression for alternatively spliced transcripts were assigned via a BlastN analysis using all the ASEs found in the transcript (including both coding and untranslated ASEs) and a total of 279,761 ESTs from developmental stage-specific and tissue-specific libraries representing 10,829 genes (Unigene built 57, http://www.ncbi.nlm.nih.gov/). The expression in nine different stages or tissue (embryo, embryonic gonads, larvae, larvae fat body, adult body, adult testis, adult ovary, adult head, and adult brain) was assessed by the presence or absence of hits in the different EST libraries.
We investigated the impact of alternative splicing on protein domain using InterProScan (version 4.3.1, data release 17.0, Zdobnov and Apweiler 2001) . Protein sequences of 7,426 transcripts with ASEs were investigated for the presence of protein-domain signatures. The position of each domain in relation to exon location was retrieved, and exons were classified as containing a protein domain, being included in a protein domain, partially overlapping a domain or lacking the signature of a protein domain.
Statistical analyses were performed with R (R Development Core Team 2008). Partial correlations were computed using the ''corpcor'' package, and the significance of the partial correlation coefficients was assessed using a bootstrap analysis. The number of genes or exons classified according to their splicing patterns in the different expression categories, with best reciprocal Blast hits in all the species, or protein-domain categories was compared using a v 2 test with one degree of freedom. Sequence composition as well as evolutionary rate differences between groups was assessed using a Kruskal-Wallis rank sum test with 10,000 permutations, implemented in the ''coin'' package. When required, Bonferroni corrections were applied.
Results
According to FlyBase annotations (release 5.5), of 14,146 genes, 3,459 genes (24.45%) undergo alternative 860 Haerty and Golding splicing generating a total of 10,254 alternatively spliced transcripts in D. melanogaster, which is low in contrast to observations in mammalian genomes (up to 70% in human, Kim et al. 2008) . Using FlyBase annotations, we extracted the nucleotide sequences of 96,745 coding exons. After correcting for exons found in multiple transcripts and discarding exons less than 50 nt, a total of 53,552 coding exons were found, of which 7,699 are alternatively spliced, 12,963 constitutively spliced, and 32,890 found in genes with a single transcript (table 1).
Ontogeny and Tissue Expression Pattern According to Splicing Characteristics in D. melanogaster
Alternative splicing is commonly associated with proteome diversification (Kim et al. 2008 ); thus, one should expect genes undergoing such a process to have broad functional or expression patterns. The analysis of gene expression pattern in D. melanogaster according to EST data confirms this assumption. Genes undergoing alternative splicing are more likely to be expressed in more than one developmental stage (63.34% vs. 83.58%, P , 2.2 Â 10 À16 ) or in more than one tissue (48.52% vs. 75.82%, P , 2.2 Â 10 À16 ) than genes with a unique protein isoform. Even within tissue-specific expression categories, genes are not randomly distributed depending upon their splicing patterns. Genes with a unique protein isoform are overrepresented among genes specifically expressed in the adult testis or embryonic gonads (P 5 2.93 Â 10 À3 and 9.27 Â 10 À3 , respectively), whereas genes expressed specifically in the head are enriched in genes undergoing alternative splicing (P 5 4.89 Â 10 À3 ). Among exons included in transcripts expressed during the three Drosophila developmental stages, ASEs found in more than one alternatively spliced transcript are overrepresented in comparison with both ASEs found in a single alternatively spliced transcript and ASEs with a complex splicing pattern (P 5 9.36 Â 10 À14 and 1.13 Â 10 À6 , respectively, fig. 1 and supplementary table 1, Supplementary Material online). In order to remove a potential bias due to genes with low expression, we reanalyzed the data using a threshold of at least three ESTs per tissue or developmental stage and found similar results.
Significant Effect of Inclusion Level on Exonic Sequence Composition
Because a difference in sequence composition between exons depending on their inclusion levels has previously been reported in D. melanogaster using a small set of genes (Iida and Akashi 2000) , we needed to reanalyze the sequence composition of exons on a genomewide scale. Among all exon categories, CSEs present the highest GC3 (P , 2.2 Â 10 À16 in all comparisons), whereas ASEs within a single alternatively spliced transcript have the lowest value (P , 2.2 Â 10 À16 in all comparisons, table 1). We also observed a weak but significant correlation between the number of alternatively spliced transcripts in which an exon is found and sequence composition (q 5 0.0394, P , 0.001). However, when taking into account the different exon categories, no significant correlation was detected (supplementary table 2, Supplementary Material online).
A similar analysis was conducted on codon usage between exon categories. We found similar results as for the GC3 content with CSEs having the highest CAI and ASEs the lowest codon usage (P , 2.2 Â 10 À16 in all comparisons). A correlation between the number of alternatively spliced transcripts in which an exon is found and CAI was also observed (q 5 0.0353, P , 0.001). In order to reduce uncertainty due to the small sequence size of some exons in the estimation of codon usage bias (Comeron and Aguade 1998), we performed the same analysis on 10,755 exon sequences coding for at least 200 amino acids. We found similar results as above except for the comparison between ASEs found in more than one alternatively spliced transcripts and CSEs, which is no longer significant. The correlation between the number of alternatively spliced transcripts per gene and the CAI remained significant (q 5 0.0352, P , 0.001). When taking into account the different exon categories, no significant relationship is observed with the exception of CSEs (q 5 0.0628, P , 0.01). These results show that the smaller size of ASEs found in Effect of Inclusion Level on Exon Evolution in Drosophila 861 a single alternatively spliced transcript is not a major factor in explaining the lower codon usage bias observed.
Evolutionary Patterns of Exons in the melanogaster Subgroup
A total of 38,762 exons (each longer than 50 nt, without frameshifts or early stop codons, covering at least 80% of the D. melanogaster exon) were found in all five Drosophila species (see table 1 for details). Like previous studies (Modrek and Lee 2003; Malko et al. 2006) , we observed among ASEs a significantly lower proportion of exons with a best reciprocal Blast hit in all the other species in comparison with CSEs (69.03% vs. 79.36%, P 5 1.21 Â 10 À8 ). No significant difference between ASEs and exons found in genes with a unique protein isoform is observed (69.03% vs. 70.42%, P 5 0.952). The lower proportion of ASEs with best reciprocal Blast hit in comparison with CSEs can be explained not only by their rapid evolution but also by the fact that many of them might be species specific as previously reported in mammals (Modrek and Lee 2003; Chen FC, Chen CJ, et al. 2006; Nurtdinov et al. 2007 ). In order to assess a potential bias due to the smaller sequence length of ASEs in comparison with both CSEs and exons found in genes with a single annotated transcript, the analysis was performed again on sequences of at least 100, 200, or 300 nt. For all the different thresholds, we found similar results as those previously described (data not shown).
The analysis of evolutionary rates and their variation depending on splicing pattern and inclusion levels can give us insights on the nature of the selective forces driving exon evolution and the impact of differential inclusion in the mature mRNA Lee 2005a, 2005b) . In Drosophila species, exons found in genes with a single protein isoform have larger d N , d S , and d N /d S in comparison with both CSEs and ASEs (P , 2.2 Â 10 À16 in both comparisons) confirming previous observations in mammals (Cusack and Wolfe, 2005;  fig. 2 ). In genes undergoing alternative splicing, ASEs have a lower d S but higher d N and d N /d S than CSEs (P , 2.2 Â 10 À16 in all comparisons). Within ASEs, evolutionary rates differ depending on the number of alternatively spliced transcripts in which an exon is found. Hence, ASEs found in a single alternatively spliced transcript as well as complex ASEs have a significantly larger d N , d S , and d N /d S than ASEs included in more than one transcript (P , 2.2 Â 10 À16 in all comparisons). There is no significant difference in evolutionary rates between ASEs found in a single alternatively spliced transcript and complex ASEs. As the small size of some exons is likely to affect the results, the analyses were also conducted using exons larger than 80 nt (36,212 exons) or 100 nt (33,798 exons); however, the conclusions remain the same (supplementary table 3, Supplementary Material online). To assess if the higher d N /d S values observed among ASEs found in a single alternatively spliced transcript result from lower d S estimates in this exon category (Xing and Lee 2006b) , the data were reanalyzed without outliers (values under and above the 5th and 95th percentiles, respectively, 36,844 exons in total). The conclusions remained the same (data not shown).
According to the study by Larracuente et al. (2008) , an effect of inclusion level on the rate of evolution is also supported by correlations between the total number of transcripts per gene and evolutionary rates (d N : q 5 À0.2137, P , 0.001; d S : q 5 À0.2640, P , 0.001; d N /d S : q 5 À0.1224, P , 0.001; see fig. 3 ). Similar relationships between evolutionary rates and number of transcripts per gene (table 2) . Just as there is a negative relationship between expression level and gene divergence (Drummond et al. 2005; Larracuente et al. 2008) , these results show a negative relationship between inclusion level and exon divergence.
Difference in Evolutionary Patterns between Exons within the Same Gene
Because most of the genes have different characteristics (number of exons, alternative splicing) and different evolutionary histories, we decided to compare evolutionary rates of exons within the same gene. The distribution of the differences in d N , d S , and d N /d S between a randomly chosen ASE and a randomly chosen CSE from the same gene was assessed. A total of 1,997 ASEs from 1,069 genes (for which both ASEs and CSEs were available) were analyzed, and for each, a total of 1,000 replications were performed. This distribution was compared with the distribution of the differences in evolutionary rates between two randomly chosen CSEs from the same gene built using a similar procedure as that stated above. Within a gene, the difference in evolutionary rates between ASEs and CSEs is significantly greater than between CSEs found in a single transcript (Kolmogorov-Smirnov test, P , 2.2 Â 10 À16 in both comparisons). Like the above observations between genes, the ASEs within a gene have a greater d N , d N /d S , and a lower d S than CSEs.
The breadth of expression is known to affect gene evolution in many organisms (Khaitovich et al. 2005; Haerty et al. 2007; Larracuente et al. 2008) . Because some alternatively spliced transcripts are expressed in a sex-or tissue-specific manner (McIntyre et al. 2006) , the divergence rate of ASEs within a gene may also vary depending upon the expression pattern of the alternatively spliced transcript in which they are included. As for the previous analysis, we assessed the difference in evolutionary rates between ASEs found in different alternatively spliced transcripts of the same gene and presenting different patterns of expression. This distribution was compared with ASEs from alternatively spliced transcripts that present the same pattern of expression. ASEs with differences in tissue and/or developmental stage of expression have significantly greater differences in d N , d S , or d N /d S between each other in comparison with ASEs found in alternatively spliced transcripts with the same pattern of expression (P , 2.2 Â 10 À16 in all comparisons).
Protein-Domain Distribution According to ExonSplicing Patterns and Inclusion Levels
Among the many different factors that may affect exon evolution, the presence of protein domains is expected to have a significant impact on the local rate of evolution. Using InterProScan (Zdobnov and Apweiler 2001) and InterPro signatures, we analyzed the distribution of known protein domains within each protein isoform in relation to exon-splicing pattern and inclusion levels. It should be noted that this analysis is based on the current and ongoing annotations of protein domains; therefore, the number of domain signatures we report is likely an underestimate.
A significant paucity of protein-domain signatures is observed among ASEs found in a single alternatively spliced transcript in comparison with CSEs (P , 2.2 Â 10 À16 ), whereas CSEs contained more annotated protein domains (P 5 2.93 Â 10 À3 ) or are more likely to be included in a protein domain (P , 2.2 Â 10 À16 , fig. 4 ). 
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The larger size of CSEs in comparison with ASEs found in a single alternatively spliced transcript may also partially account for the observed difference in the presence or absence of protein-domain signatures. We therefore reanalyzed the data using sequences of at least 100, 200, or 300 nt and found similar results. The presence or absence of protein-domain signatures within an exon appears to have a significant effect on the evolutionary rates of exonic sequences. Exons lacking protein-domain signatures show a significantly greater d N , and lower d S than exons containing protein-domain signatures (supplementary table 5, Supplementary Material online). This observation holds for every splicing category.
Discussion
Using D. melanogaster genome annotations as well as the recently sequenced genomes of four closely related species, we analyzed the evolutionary patterns of coding exons taking into account their splicing characteristics. This analysis is the first to our knowledge, investigating rates of exon evolution according to their splicing pattern and inclusion levels in closely related species. We report significant differences in evolutionary rates among exons, depending upon their splicing patterns and their inclusion levels in the mature mRNA. In addition, we demonstrate that some of the factors known to affect divergence between genes are also acting within a gene, between exons.
Previous studies reported increased protein diversity through the alternative splicing of premature mRNA (see Black 2003; Ast 2004; Blencowe 2006) . Consistent with these observations, we found that genes undergoing alternative splicing in D. melanogaster have a broader range of tissues and developmental stages of expression than genes with a single annotated protein isoform. This pattern of expression is associated with significantly lower rates of synonymous and nonsynonymous substitutions in alternatively spliced genes. Studies have reported that different selective pressures linked to the nature and breadth of tissues and/or stages of expression can strongly influence the patterns of gene evolution (Artieri et al. submitted; Khaitovich et al. 2005; Haerty et al. 2007; Larracuente et al. 2008) . Confirming previous observations in mammals (Cusack and Wolfe 2005) , the present results in Drosophila suggest relaxation of such selective constraints in genes with a single annotated protein isoform in comparison with genes undergoing alternative splicing. In addition, a difference in overall expression levels between genes based on their inclusion levels may also be an important factor in explaining the different evolutionary patterns observed. It is known that a significant positive correlation between breadth of expression and gene expression level exists in Drosophila (Larracuente et al. 2008) .
Across Drosophila species and within genes undergoing alternative splicing, we found a faster rate of evolution of ASEs in comparison with CSEs. We observed a significantly lower proportion of ASEs with best reciprocal Blast hits in all the species than CSEs. This result can be due both to a faster divergence of ASEs in comparison with CSEs leading to a lower detectability and to the species specificity of some ASEs (Modrek and Lee 2003; Chen FC, Chen CJ, et al. 2006; Nurtdinov et al. 2007 ). Similar results have been reported in studies between human and mouse (Modrek and Lee 2003) , Caenorhabditis (Irimia et al. 2008) and Diptera species (Malko et al. 2006) . In contrast to the previous study of Dipteran species, we observed a lower degree of ASE conservation (66.82%) between more closely related species (between 1 and 12.5 Ma of divergence) in comparison with species diverged for 25 Ma (75-80%, D. melanogaster-D. pseudoobscura, Richards et al. 2005) . Such a difference is likely due to the release of additional Drosophila genomes, allowing us to use a greater number of genes than Malko et al. (2006) . Another important factor in the different proportions of conserved exons found between the two studies is due to methodology. The use of exons with best reciprocal Blast hits in all species (as used here) in contrast to a pairwise analysis is necessary to ensure accurate exon identification.
In addition, we observed a lower d S and greater d N and d N /d S in ASEs as compared with CSEs. Although this evolutionary pattern has been reported in mammals (Modrek and Lee 2003; Chen, Wang, et al. 2006; Ermakova et al. 2006; Xing and Lee, 2006a) at the genome level, it has never been investigated within a gene before. We demonstrate that the effects between genes are also propagated to effects within the genes and between exons. The exons within a gene not only differ in their evolutionary rates due to their inclusion levels but the variation of expression pattern of alternatively spliced transcripts is also affecting exon evolution. Such heterogeneity in the evolutionary rates due to different expression patterns is most likely resulting from differential selective pressures acting on ASE sequences linked to their tissues or stages of expression just as is between-genes divergence (Artieri et al. submitted; Khaitovich et al. 2005; Haerty et al. 2007; Larracuente et al. 2008) . 
Haerty and Golding
The higher d N in ASEs in comparison with CSEs appears to be an effect of different inclusion levels. Lower inclusion levels may facilitate the accumulation of mutations by reducing the exposure of exonic sequences to selection (Modrek and Lee 2003; Xing and Lee 2006a) . Many of the results presented in this study support such a scenario. Firstly, ASEs appear to be under lower selection for increased translation rate (Powell and Moriyama 1997) , efficiency and accuracy (Akashi 2001), and/or increased robustness against amino acid misincorporation or protein misfolding (Drummond et al. 2005) than CSEs. Indeed, in addition to a higher d N , we also found a lower GC3 and codon usage index in ASEs in comparison with CSEs. Similar effects of gene expression level on evolutionary rates have been reported in many organisms (Akashi 2001; Drummond et al. 2005; Larracuente et al. 2008) . Despite a correction for nonindependence between factors, weak correlations are still observed between the number of alternatively spliced transcripts in which an exon is found and evolutionary rates or CAI. Furthermore, in comparison with ASEs, CSEs also exhibit broader expression patterns, implying once again stronger selective constraints acting on them. In addition to the relaxation of selective constraints due to lower inclusion level, selection against the disruption of protein function also affects exon evolution. ASEs are significantly less likely to be part of a protein domain than CSEs; therefore, their inclusion or exclusion is expected to have a lower impact on protein structure and function. This observation, in addition to the fact that the lack of proteindomain signatures is associated with larger d N , also support a relaxation of selective constraints on ASEs. However, if the inclusion level effect has a major influence in exon evolution, increased or at least similar d S values should be detected in ASEs in comparison with CSEs. Therefore, the combination of lower levels of d S , GC3, and codon usage bias in ASEs relative to CSEs is puzzling as they suggest opposite evolutionary patterns. Under a scenario in which ASEs are evolving more rapidly due to relaxation of purifying selection as suggested by the lower GC3, CAIs and higher d N , substitutions at both synonymous and nonsynonymous sites should accumulate faster than in CSEs (Comeron and Kreitman 1998) . The observed lower d S suggests stronger selective constraints at synonymous sites. Exonic splicing enhancers are known to be under strong selection against synonymous substitutions (Pagani et al. 2005; Xing and Lee 2005b; Parmley et al. 2006; Warnecke and Hurst 2007) . Therefore, an overrepresentation of such splicing regulatory elements in ASEs could lead to a greater selective pressure on RNA sequence and therefore the lower d S in comparison with CSEs. However, there are conflicting results about the relative enrichment of exonic splicing enhancers in ASEs (Itoh et al. 2004; Wang et al. 2005) . In addition, although we did not assess the effect of selection acting on exonic splicing enhancers on the synonymous rate of evolution in Drosophila, studies in mammals have shown that even when taking into account the presence of exonic splicing enhancers, ASEs still have significantly lower synonymous substitution rates than CSEs (Parmley et al. 2006; Parmley and Hurst 2007) . Chen, Wang, et al. (2006) proposed another hypothesis stating that substitutions at synonymous sites are nearly neutral in ASEs , whereas CSEs have an elevated synonymous substitution rate as previously observed between exons and noncoding sequences in primates due to a potentially higher mutation rate in GC-rich regions (Subramanian and Kumar 2003) . The observations of similar substitution rates between introns and ASEs (Chen, Wang, et al. 2006) , as well as the origination of some ASEs through exonization of intronic sequences (Kim et al. 2008) tend to support such a scenario. However, other factors such as positive selection (Ramensky et al. 2008) might also be at play in ASEs leading to the observed reduction of synonymous substitution rates.
In conclusion, using the genomes of five species of the D. melanogaster subgroup, we find evidence for different evolutionary patterns between exons of the same gene depending on their splicing characteristics. Although the level of exon inclusion can been seen as one of the major factors influencing exon sequence composition and evolution, tissue and developmental-stage specificity of expression is also acting on exon divergence. Exon evolution is therefore shaped by a complex set of selective pressures/constraints that need to be clearly identified. Furthermore, the difference in the rate of synonymous substitutions between alternatively and CSEs found in the present study and also in studies of human and mouse genomes (Xing and Lee 2005b; Chen, Wang, et al. 2006; Parmley et al. 2006; Parmley and Hurst 2007) is not yet fully understood.
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